A new extremely sensitive silicon-based explosive was recently synthesized by the nitration of tetrakis(hydroxymethyl)silane, Si(CH 2 OH) 4 , with nitric acid.
be observed in high energy laser experiments 12 and would not explain the difference in sensitivity.
The potential energy surface near the transition state to break the X-C bond (reaction 3) is very flat, (see SI) making it difficult to locate the precise transition state. Consequently, we carried out a 2-D scan of the X-C and O-NO 2 bond lengths, which shows that the central Si-C bond of Si-PETN and C-C bond of PETN are strongly dependent on the O-NO 2 bond. Stretching the O-NO 2 bond weakens the X-C bond because the oxygen forms a CdO double bond by withdrawing electron density from the X-C bond. The products of this reaction are CH 2 O, NO 2 , and a tertiary C/Si free radical. The lower electronegativity of Si (1.8) compared to C (2.5) explains the drastically different charges on the central atoms: -0.19 in PETN, +0.25 in Si-PETN (B3LYP, with similar trends from MO6). However the similar transition state (TS) barriers of 51.3 (C) and 49.7 (Si) kcal/mol would not explain the difference in sensitivity.
Next we examined HONO dissociation (reaction 4) involving simultaneous formation of a new OH bond with breaking of the O-NO 2 bond. This is a well-known mechanism for energetic molecules with the nitro group, discovered first in DFT caclulations, 10 which leads to an activation energy of 39.2 kcal/mol for RDX 10 and 44.6 kcal/mol for HMX. 11 For PETN this leads to TS energies of 39.2 (C) and 39.4 (Si) kcal/mol, very similar to reaction 1. Such a tiny difference would not explain the huge difference in sensitivity.
Finally we considered the attack of the γ O on the R central C/Si atom, reaction 5, in which the CH 2 group stays bonded to the γ O as the X-O bond forms simultaneously to a terminal O of the NO 2 . Thus the transition state in Si-PETN is formed by bending the C-ONO 2 angle, breaking the partial Si-C bond, and making the Si-O bond concurrently, as shown in Figure 2 . This was studied by first locating the transition structure through 2-D scans followed by intrinsic reaction coordinate (IRC) scans. We † California Institute of Technology. ‡ Ludwig-Maximilians-University of Munich. find that Si-PETN has a 32.0 kcal/mol barrier for this rearrangement, which is dramatically lower than the value 80.1 kcal/mol for PETN. This is partly due to the larger size of silicon (Si covalent radius of 1.17 Å compared to 0.771 Å for C 13 ) resulting in a more stable five-coordinate transition state in Si-PETN, allowing the Si-C and Si-O bonds to be shorter with the O-N bond is broken later thereby decreasing the energy barrier significantly.
An additional important factor in detonation sensitivity and a second dramatic difference between PETN and Si-PETN is the heat release which is 44.5 kcal/mol exothermic for reaction 5 with Si-PETN, whereas the favorable decomposition for PETN (reaction 1) is 39.0 kcal/mol endothermic. To estimate the difference between the two exothermic reactions in Si-PETN, the corresponding unimolecular decomposition rates of reactions 4 and 5 were calculated using the transition state theory.
14 Assuming no tunneling, the rate of reaction 5 is 1.6 × 10 4 times faster than that of reaction 4 at 298 K (see SI), making it plausible that reaction 5 may contribute significantly to sensitivity.
This mechanism also explains the Si NMR spectroscopy of the decomposition product from Si-PETN, which contains the signal for siloxane -OSi-(CH 2 OR 2 )O-. Reaction 5 is similar to the Brook rearrangement 15 of the silyl group in silyl alcohols from carbon to oxygen, but this analogue reaction cannot reach the transition state without breaking the O-H bond leading to a calculated barrier of 83.3 kcal/mol. 16 In Si-PETN the R-silyl alcohol is replaced by the R-silyl nitro-ester and a flexible bond angle with a weak O-N bond, all of which favors the reaction 5 rearrangement product by dramatically decreasing the TS energy.
Summarizing, the DFT calculations have identified a novel carbon-oxygen rearrangement of the newly synthesized Si derivative of the PETN energetic molecule that provides a plausible explanation of the dramatic increase in sensitivity observed experimentally. The primary factors leading to this are the much stronger Si-O bond over C-O, the ability of the much larger Si to adopt the five-coordinate transition state required for reaction 5, and the ability of the terminal O of NO 2 to stabilize this five-coordinate transition state. In addition to the significantly lower barrier (32 vs 80 kcal/mol), reaction 5 is also far more exothermic (45 vs 13 kcal/mol) because a new SiO bond is formed. This provides a large net energy release at the very early stages of Si-PETN decomposition facilitating a fast temperature increase and expansion of the reaction zone. This combination of kinetic and thermodynamic enhancement factors for the Si analogue illustrates a path to controlled sensitivity of other Si analogues of energetic molecules. 
